Background: Previous results proved that simultaneous effect of tobacco smoke constituents and alcohol consumption may change toxicity of these substances and have a greater effect on hepatic and pancreatic disease and cancer risk. The aim of this study was to investigate hepatocyte and pancreatic cells regeneration after tobacco and/or ethanol treatment. Methods: In the study, four groups of rats were used -alcohol non-addicted and addicted male and female rats. The animals from each group were exposed to tobacco smoke, to ethanol or tobacco smoke and ethanol. After the exposure, pancreas and liver were collected at two time-points -5 and 24 h. Biochemical methods were used to measure concentration of ethanol and cotinine in blood and plasma. Additionally, proliferating cell nuclear antigen labeling index (PCNA-LI), an S-phase marker was assessed by immunohistochemical staining and morphometric method. Results: Our experimental results showed that the exposure of rats to tobacco smoke does not have influence on ethanol concentration in blood of non-addicted (male, female) and addicted (male and female) animals. The results also proved that alcohol addiction did not influence nicotine metabolism in all animals exposed to tobacco smoke. Morphological studies of tissues display significant damage in liver of addicted males, including fatty degradation, fibrosis and slight inflammatory infiltrate. Immunohistochemical studies revealed at first, significant increase of PCNA-LI and, thus, increased cell proliferation activity and damage in tissues were observed in hepatic and pancreatic cells of addicted males when compared with non-addicted males. Secondly, comparison between addicted males and addicted females revealed that PCNA-LI in females is significantly lower, both in hepatic and pancreatic tissues. And finally, animals exposed only to ethanol and to tobacco smoke plus ethanol were characterized by higher percentage of PCNA positive cells in relation to animals exposed only to tobacco smoke. Conclusion: From the preliminary study one can conclude that the influence of ethanol and simultaneous influence of ethanol and tobacco smoke impairs liver and pancreatic functions to a greater degree than tobacco abuse.
Introduction
Both tobacco smoking and alcohol misuse are severe medical, sociological and economical problems in a world scale. Alcohol and cigarette smoke usually lead to major health risk when used alone and together [38] .
Ethyl alcohol is a highly toxic substance that, if concentrated enough, has a damaging effect on almost all systemic organs including brain, kidney, heart, gastrointestinal tract, lung, pancreas and most frequently liver [2, 10, 15, 22, 40] . Alcoholic liver disease (ALD) is better characterized than in other organs. Long-term alcohol abuse may induce alcoholic hepatitis and alcoholic cirrhosis, potentially followed by primary hepatocellular carcinoma development [1, 22] .
However, in tobacco smoke there are over 4300 chemical compounds, 50 of which are carcinogenic. In previous studies, it was unambiguously showed that a chronic exposure to tobacco smoke increases the incidence of cancer as well as respiratory, gastrointestinal and cardiovascular diseases. Moreover, our previous results showed negative influence of smoking on rats' fertility and reproduction; it causes pregnancy disorders and negatively affects the fetal development [17, 18] .
Almost 90% of ethyl alcohol is metabolized in the liver, where acetaldehyde is produced as a result of oxidation. This compound is ten times more toxic than ethanol itself. The rest of ethanol is metabolized in gastric mucosa, kidneys, pancreas, muscles, lungs, spleen and brain [30] . The main enzyme oxidizing ethanol into acetaldehyde is cytosolic alcohol dehydrogenase (ADH) and in case of long-lasting alcohol consumption -CYP2E1 [33] . Ethanol can also be oxidized in liver peroxisomes by catalase, however, this mechanism is less significant. In further transitions, aldehyde dehydrogenase (ALDH) catalyses oxidation of acetaldehyde to acetate, this in turn is converted into acetyl-CoA. Then, the coenzyme is incorporated into the Krebs cycle and oxidized to carbon dioxide and water [25] . An increased level of acetaldehyde in the liver leads to hepatic mitochondrial damage, thus resulting in secondary inhibition of fatty acids ethyl esters (FAEE) oxidation [22] . Additionally, an impairment of secretion mechanisms may be observed. Cumulative effect of both these processes cause hepatic cells steatosis [1] .
Similarly to the liver, the pancreas has the capacity to metabolize alcohol via both oxidative (ADH, ALDH, CYP2E1 and catalase) and nonoxidative pathways yielding toxic metabolites such as acetaldehyde and FAEE. Their concentration significantly increases after long-term alcohol consumption [25] . Although it is evident that alcohol can have an important role in the development of 70-80% of all chronic pancreatitis cases [51, 52] , it does not appear that alcohol abuse alone is responsible for the development of pancreatitis. Ethanol rather sensitizes the pancreas to injury and other factors are required to develop alcoholic pancreatitis. Cigarette smoking, high lipid diet, virus infections and genetics factors have been suggested as possible cofactors [41] .
In addition, pancreas is one of the organs where metabolic processes of tobacco smoke constituents take place. It was demonstrated that such substances activate histopathological alterations in pancreas that can result in exocrine and endocrine dysfunction of this organ. Many diseases of pancreas are tobacco smoke related, e.g., pancreatitis, diabetes, gallstone pancreatitis. Nicotine present in tobacco smoke is causing various histopathological changes in rats' tissues, accompanied by cytoplasmic vacuolization, interstitial cell edema, necrosis and karyolysis [12] . Additionally, there is a 70% higher risk of pancreatitis and malignant changes in smokers in comparison to non-smokers [12, 46] .
A combined use of alcohol and tobacco smoke is often observed and some studies have reported that both these stimulants may work synergistically to increase the risk of liver and pancreas cancers [35] . It is known that the same enzymes are involved in alcohol and nicotine biotransformation, inter alia aldehyde oxidase and cytochrome P-450 isoforms, such as CYP2E1 and CYP2B1/2 [42] . Studies show that consuming tobacco and alcohol together can augment the pleasure users experience from either substance alone. Prior studies have demonstrated that nicotine administration via tobacco smoke increased alcohol consumption both in humans [5] and in animals [31] . On the contrary, Rose and colleagues [39] showed that alcohol drinking could enhance satisfaction from smoking cigarettes. These results highlight the potent interactions between ethanol consumption and tobacco smoking.
Possible common mechanism interactions of these substances need to be explained but simultaneously these are very difficult to study because alcohol and nicotine can affect people differently depending on the gender, age, amount consumed, overweight, hepatitis C infection, genetic factors, polymorphism(s) of alcoholand tobacco-metabolizing enzymes and many other factors. Evidences suggest that the common effect of nicotine and ethanol is related to stimulation of particular receptors: nicotine cholinergic receptor and D dopamine receptor [31] followed by activation of the mesolimbic dopamine system. Chronic administration of these harmful substances could produce functional changes in this important part of brain reward system [49] . It is worth noticing that when nicotinic receptors are blocked, people not only tend to consume less nicotine [13] but also less alcohol [48] . It may be the basis for addiction and may explain some of the interactions between alcohol and tobacco.
The liver and the pancreas are developmentally very closely related and have a tremendous capacity to regenerate after injury [3, 14, 50] . Moreover, pancreatic stellate cells appear to be morphologically and functionally similar to hepatic stellate cells [7] and react to alcohol abuse in a similar way. All of these similarities recognized between hepatic and pancreatic cells would suggest that the regenerative process, and the effects of ethanol on this process, may be similar in the pancreas and the liver [45] . In this study, we investigated the effects of ethanol feeding for 9 weeks and then single animals' exposition to tobacco smoke, to ethanol or tobacco smoke and ethanol simultaneously on the regeneration process of animals' liver and pancreas. We assessed regeneration capacity by immunohistochemical staining of proliferating cell nuclear antigen (PCNA). In this article, we briefly explore the association between alcohol consumption and smoking.
Materials and Methods

Animal experiments
White Wistar male and nongravid female rats were used in the project. They were 3 months old and their average weight was 189 g for females and 361 g for males. Male and female Wistar rats from the Department of Toxicology, University of Medical Sciences in Poznañ, were housed in polycarbonate cages with hardwood chip bedding. A standard laboratory diet and water were available with no limitations. Throughout the entire study period, a 12/12 h light/ dark cycle was maintained. Females and males were kept apart, in separate animal quarters and acclimatize during 14 days.
The process of animal addiction with ethyl alcohol took 9 weeks. One month old rats, 200 males and 200 females, were used in the first stage of the experiment. The necessary number of alcohol addicted rats was subsequently selected from this group. A schematic illustration of the experimental protocol is presented in Figure 1 .
The process of alcohol addiction: Week I -animals received 10% ethyl alcohol solution to drink. Week II and III -animals could choose either water or 10% ethyl alcohol solution to drink. Week IV -animals were transferred into single cages, they could choose either water or 10% ethyl alcohol solution to drink. The amount of drank liquids was measured each day. Week V and VI -animals received only water to drink. Week VII and VIII-animals could choose either water or 10% ethyl alcohol solution to drink. Week IX -animals kept in single cages could choose either water or 10% ethyl alcohol solution to drink. The amount of drank liquids was measured each day.
Based on the measurement, animals were divided into four groups of alcohol addicted and non-addicted individuals. The first control group consisted of 18 non-addicted males, the second control group consisted of 18 non-addicted females, the third group consisted of 18 addicted males and the fourth group consisted of 18 addicted females.
Animals were qualified as addicted when they drank alcohol volume amounted to: males: 10-37% total amount of liquids drunk, females: 7-20% total amount of liquids drunk.
Rats in each experimental group (non-addicted male and female, addicted male and female) were divided into three subgroups (A, B and C): A -animals were exposed to tobacco smoke for 6 h per day, for 5 days. CO concentration was taken as an index of tobacco smoke concentration and was maintained at 1500 mg CO/m ! . Rats were exposed in a dynamic toxicological chamber [16] to tobacco smoke generated from a Polish brand of cigarettes without a filter tip ("Poznañskie" -Imperial Tobacco Polska S.A., Poznañ, Poland); B -an alcohol solution (10%) at a dose of 2 g/kg was given by gavage in a single dose; C -animals were exposed to tobacco smoke for 6 h per day, for 5 days. Rats were exposed to a 10% alcohol solution at a dose of 2 g/kg, administered by gavage in a single dose. CO concentration was taken as an index of tobacco smoke concentration and was maintained at 1,500 mg CO/m ! . After exposure to tobacco smoke (group A) or administration of alcohol (groups B and C), animals were anesthetized (xylocaine 40 mg/kg and ketamine 5 mg/kg) and pancreas and liver were collected at two time points (5 and 24 h) with three rats per point. 
Cotinine determination
Cotinine concentration was measured by an enzymelinked immunosorbent assay (ELISA) with the application of reagents for Cotinine Direct Elisa from BioQuant (San Diego, USA). All determinations were performed according to the manufacturer's instructions. The linear range of determination was 5-500 µg/l of cotinine, the limit of detection was 1 µg/l, and the limit of determination was 5 µg/l. The interand intraday coefficients of variation for 5, 50, and 100 µg/l of cotinine were below 10%.
Ethanol determination
Ethanol concentration was determined by REA (radiative energy attenuation) using the AxSYM analyzer and Abbott reagents (Illinois, USA). All determinations were performed according to the manufacturer's instructions. The linear range of determination was 0.1-3.0 g/l of ethanol, the limit of detection was 0.052 g/l, and the limit of determination was 0.1 g/l.
The inter-and intraday coefficients of variation for 0.5, 1.0 and 1.5 g/l of ethanol were below 10%.
Tissue processing
Liver and pancreas of the rats were fragmented into pieces and subsequently preserved in 4% paraformaldehyde in phosphate buffer (46 mM Na HPO " , 30 mM NaH PO " , pH 7.3) for 24 h. The biological material was repeatedly rinsed with water, dehydrated in a sequence of ethanol solutions with increasing concentrations, in xylene and then supersaturated and paraffin embedded. All stages of tissues preparation were conducted at 24°C. The paraffin samples were cut on microtome Accu-Cut SRM 200 (Sakura Finetek Europe B.V., Alphen aan den Rijn, Netherlands) with a steel knife. The obtained 4 µm thick sections were located on silane-coated microscope slides (Thermo Scientific, Waltham, MA, USA) both for hematoxylin and eosin (HE) staining and immunohistochemical study. There was no available material derived from non-addicted females for histo-and immunohistochemical evaluation.
Histological examination
We used a standardized protocol. In brief, at the first stage of histochemical and immunohistochemical reaction the paraffin was removed from sections with xylene. The slices were subsequently subjected to treatment with numbers of alcohol solutions with decreasing concentrations in order to hydrate the tissues. Deparaffinized tissue sections were stained with HE, mounted in Shandon Consul Mount resin (Thermo Scientific, Waltham, MA, USA), and viewed under a light microscope and photographed. The slides were microscopically evaluated for presence of inflammation, hepatic and pancreatic foci of cellular alternation, hyperplasia or hypertrophy. The sections were examined by two independent investigators.
Immunohistochemistry of PCNA
Deparaffinized sections were incubated in pH 8.0 EDTA solution in water bath, at 95°C for 40 min for retrieval of antigens. After cooling down, the sections were treated with 3% hydrogen peroxide solution for inhibition of endogenous peroxide. The following steps of the study were conducted at room temperature. The material had been blocked with 5% BSA in PBS buffer (138 mM NaCl, 30 mM Na HPO " , 2 mM KH PO " , pH 7.3) for 10 min and incubated with PCNA antibody (Novocastra, Leica Microsystems, Wetzlar, Germany) diluted in PBS buffer with 1% BSA (1 : 100 proportion) for 1 h. Horseradish peroxidase conjugated anti-mouse secondary antibodies (Dako EnVision system) were used for detection (Dako, Glostrup, Denmark). A 30-min incubation followed by visualization of antigens with 3,3'-diaminobenzidine (Dako, Glostrup, Denmark) used as chromogen was performed. After immunohistochemical reaction, the samples were stained with hematoxylin, dehydrated, immersed in xylene and encased in Shandon Consul Mount resin. The stage of tissue incubation with primary antigen was omitted in the control reaction.
Morphometric analysis
The PCNA antigen expression level was determined based on the measurement of cell nuclei staining intensity in the analyzed tissues of pancreas and liver in rats. A four-grade scale from 0 to 3 was applied, where 0 meant lack of and 3 high intensity of staining of nuclei. After immunohistochemical reaction, five photographs of randomly selected fields of each of 108 microscopic preparations (54 livers and 54 pancreases) were taken in compliance with sampling conditions for image analysis. Photographs were taken with a Jenamed 2 light microscope (Carl Zeiss, Germany) equipped with cooled CD camera (Nikon Digital Sight DS-5Mc, Germany) driven by NIS Elements F 3.0 software (Nikon, Germany). Afterwards the photographs were analyzed with ImageJ 1.41o (National Institute of Health, Bethesda, MD, USA) computer software. Cells were manually calculated by clicking the image, in order to count PCNA labeling index (PCNA-LI). Each click marks the cell with a colored square and adds the cell to a tally sheet. Each photograph was analyzed two times. At first, all visible in photograph nuclei were counted and finally, nuclei that were stained to level 3 according to applied scale. Different groups were marked up with different color squares and they were tallied separately. After counting, the results were saved as .xls Excel spreadsheet and analyzed. PCNA-LI was defined as the percentage of cells with nuclei stained to level 3 in the total number of counted cells [21] .
Statistical analysis
Statistical analysis was performed by using statistical package GraphPad Prism version 5 for Windows. Data are presented as the means and the standard division (SD) of the values of 3 rats belonging to a particular experimental group/subgroup. All results were presented in tables. The comparison between groups (non-addicted males vs. addicted males) was made by Mann-Whitney U test, while Bonferroni's multiple comparison test was used to examine whether in subgroups of rats -(A) tobacco smoke, (B) ethanol, and (C) tobacco smoke and ethanol -significance differences existed. The data were considered statistically significant when p < 0.05.
Results
An influence of tobacco smoke, ethanol and both of these factors administered simultaneously on rats' liver and pancreas regeneration were investigated. The tobacco smoke exposition and ethanol dependence models have been developed in our previous projects [19, 20] .
Concentration of ethanol and cotinine in blood and plasma
Gender, as well as ethanol dependence of animals enrolled in the experiment, were taken into consideration in the assessment of the influence of detrimental agents on the condition of both affected organs. The concentration of cotinine and ethanol in blood of studied animals is presented in Table 1 . Exposure of rats to tobacco smoke does not have influence on ethanol concentration in blood of non-addicted (male, female) and addicted (male and female) animals. However, statistically higher concentration of ethanol was noticed in blood of addicted female than in non-addicted and addicted male rats in case of rats non-exposed to tobacco smoke. The results also proved that alcohol addiction did not influence nicotine metabolism in all animals exposed to tobacco smoke, cotinine concentrations were on a similar level. Lack of interactions between nicotine and ethyl alcohol was observed for animals being under influence of alcohol at the moment of blood sampling and for animals with no alcohol in their blood.
Morphological and histopathological observations
HE staining (Fig. 2a-d ) of paraffin-embedded tissue sections of liver and pancreas revealed a normal histoarchitecture in the control group (non-addicted male), while fatty changes in the liver as well as some degree of derangements in pancreatic samples were observed in the tissues of addicted animals.
Proliferation studies
The presence, distribution and, most importantly, expression level of a PCNA protein, which is established cell proliferation marker, were assessed in the scheduled experiments.
In the analyzed samples under a light microscope, visually observed brown signals indicating the location of PCNA protein had varying intensity (Fig.  2e-h) . This determined the level of expression of the antigen. The microscopic observations of numerous preparations proved that the PCNA antigen is present mainly in cellular nuclei (Fig. 2e-h ). Only sparse cells of both organs had PCNA protein in cytoplasm ( = means significant differences (p < 0.05) in concentration of ethyl alcohol and cotinine in groups B or C vs. group A 2g-h). It should be noted that the lack of PCNA stain in the nucleus suggests G0 phase of cell cycle. The 1+ suggest G1, while 2+/3+ and simultaneous lack of cytoplasmic staining should be recognized as S phase. Moreover, cells with condensed nucleus and speckled cytoplasmic staining are in late G2 phase, just prior to going into mitosis [21] . In our experiment, to probe cellular proliferation, PCNA labeling index (PCNA-LI) were calculated by counting the number of immunohistochemically labeled nuclei in S-phase per total number of counted cells [21] . Obtained results are presented in Figure 2 , Tables 2, 3 and 4 and are described below.
PCNA labeling in the nucleus
Significant similarities and differences in the intensity of PCNA protein synthesis regarding sex, ethanol addiction and type of administered harmful substance were observed in hepatic and pancreatic cells of rats ( Fig. 2e-h ; Tabs. 2 and 3). Generally, while analyzing mean values of PCNA-LI (counted as a mean value of each subgroup belonging to addicted or non-addicted rats) we detected that addicted males (group 3) had the highest PCNA-LI vs. non-addicted animals (control group; Tab. 2). In addicted males, the percentage of cells with strongest expression of PCNA was approximately 21% for pancreatic cells and 19% for liver rat cells (Tab. 2), whereas, for non-addicted males PCNA-LI was approximately 16% and 12%, respectively (Tab. 2). There were statistically significant differences. Moreover, the comparison between addicted males and addicted females reveals that proliferation index in females is significantly (p < 0.05) lower, both in hepatic and pancreatic tissues (Tab. 2).
Detailed results of PCNA-LI in respective subgroups of rats (after exposure to tobacco smoke or/and ethyl alcohol) are summarized in Table 3 . The highest level of PCNA protein expression was observed in hepatic and pancreatic cells of addicted male rats, which were given only a single dose of ethanol and then, after 5 h, sacrificed (group 3, sub- . Non-addicted animals were exposed only to tobacco smoke (T), and addicted males were exposed to tobacco smoke and were subsequently administered a single, intragastric dose of ethanol (T & E). Right column of micrographs depicts a variable PCNA protein expression within liver (e, f) and pancreatic (g, h) cells, which derived from the same rats -non-addicted (e, g) and addicted (f, h).
Immunolabeling with PCNA antibody resulted in strong signal in nuclei of almost all cells derived from addicted animals (f, h). Nuclei of non-addicted rats showed relatively lower expression of PCNA (a, d). Cells with nucleocytoplasmic signal, indicating PCNA presence (arrows) must be noted especially in the pancreas (h) and liver (not shown) cells of addicted rats. The bars represent 50 µm group B; Tab. 3). The percentage of PCNA positive cells in this group amounted to 24.3 ± 2.74% for liver and 22.4 ± 6.17% for pancreas tissue, whereas for non-addicted males (control group) the percentage of these cells was lower and amounted to 11.4 ± 4.56% and 17.3 ± 7.19%, respectively. However, statistically significant differences were noticed only for liver tissues (Tab. 3). It is worth noting that equally high proliferation index (but not statistically significant) was observed also in pancreatic cells derived from addicted males exposed to tobacco smoke plus alcohol, and it amounted to 23.8 ± 4.79%, while in the control it was 17.9 ± 3.72% (Tab. 3).
Immunohistocheminal studies of the liver in addiction reflected a significant increase in PCNA-LI from 2.2 ± 0.30% for control animals to 17.3 ± 2.08% for addicted males exposed simultaneously to tobacco smoke and ethanol and then sacrificed after 24 h after administering harmful substances. Thus, the expression level of PCNA is almost 8 times higher compared to the control group (Tab. 3). Similar patterns of PCNA expression were revealed for pancreas tissue. PCNA-LI in addicted males exposed to tobacco smoke and ethyl alcohol was higher almost 3 times in relation to non-addicted males, but this difference was not statistically significant (Tab. 3).
Exposure of rats only to tobacco smoke does not have significant influence on PCNA-LI (Tab. 3). The results relating to this group suggest that in addicted rats the number of cells with PCNA at level 3 (Sphase) slightly increased in comparison to cells of control groups. PCNA-LI for liver cells increase from 13.0 ± 0.72% (control) to 15.2 ± 0.87% (addicted males exposed to tobacco) and for pancreatic cells it looked similar -13.9 ± 1.27% (control) vs. 17.8 ± 1.82% (addicted male exposed to tobacco).
The comparison between subgroups demonstrated another pattern of PCNA expression. PCNA-LI in each of the experimental groups (non-addicted male and addicted male and female) was low for hepatic and pancreatic tissues derived from rats exposed to tobacco, higher for animals exposed to ethanol and the highest for animals administered both tobacco smoke and ethanol. The fact that tobacco smoke plus alcohol treatment and alcohol alone induced more proliferation of nuclei in the liver than tobacco treatment alone is better illustrated in Figure 2 (e-h). These differences were statistically significant only for liver tissues derived from some subgroups of non-addicted males and addicted females (Tab. 3). For the remaining groups, even though the differences are not explicit, they present a particular trend, the same as described above, in cell reaction to a specific stimulus.
Furthermore, the number of cells with strong PCNA expression in nucleus decreased three times on average (in group 4, subgroup A -from 10.0% to 3.1%; Tab. 3) and in some cases even seven times (in group 1, subgroup C -from 14.2% to 2.2%; Tab. 3) when the animal tissues were collected 24 instead of 5 h after toxic substance application. This tendency occurred repeatedly in all analyzed main study groups -1, 2, 3 and 4. Inverse correlation was observed only in three situations: (1) in hepatic cells of non-addicted males which were given ethanol, (2) in pancreatic cells of addicted females which were given ethanol and (3) in pancreatic cells of addicted males which were exposed to tobacco smoke (Tab. 3).
PCNA labeling in the cytoplasm
It was demonstrated that cells with strong nucleocytoplasmic expression are most numerous in the liver of addicted animals which got a single dose of ethanol (group 3, subgroup B), and the percentage of cells in this group is 1.5 times higher in relation to control group (non-addicted males; Tab. 4). Similar results were observed for pancreatic cells of addicted males which were exposed only to tobacco smoke (group 3, subgroup A) and only to ethanol (group 3, subgroup B). The percentage of analyzed cells was approximately 3 times (for tobacco smoking) and 1.5 times (for ethanol) higher than in the control group (Tab. 4). These results are statistically significant. The most interesting in terms of pancreas tissue analysis is the subgroup C -animals which, at first, got a single dose of ethanol and then were exposed to tobacco smoke for 5 days (group 3, subgroup C; Tab. 4; Fig.  2g-h ). The percentage of pancreas cells with nucleocytoplasmic PCNA expression observed in this subgroup (C), increase 4 times in relation to pancreatic cells of non-addicted males (control) (Tab. 4).
Discussion
It was concluded from previous epidemiological studies that a majority of alcohol addicted people smoke tobacco [5] . Taking this fact into consideration, the researchers focused their attention on the analysis of the relationship between alcohol consumption and tobacco smoking because understanding and knowledge about interactions could become a breakthrough in addiction treatment.
In the current study, we have analyzed the effect of tobacco smoke, ethanol and both tobacco smoke and ethanol exposition on regeneration capacity of the liver and the pancreas derived from alcohol addicted and non-addicted male and female rats. Morphological studies revealed changes considered as adaptation to cell injury. Liver and pancreas of non-addicted males revealed a normal histoarchitecture, while liver of addicted animals (mainly those exposed to ethanol and simultaneously to tobacco smoke and ethanol) display significant damage, including fatty degradation, fibrosis and slight inflammatory infiltrate. However, pancreatic samples of addicted animals display only slightly derangements. Those differences between tissues probably were caused mainly by significantly less capacity for oxidative ethanol metabolism by the pancreas than that of the liver [24] . Other authors have demonstrated similar results that hepatic damage associated with chronic consumption of ethanol leads e.g., to an increase in the synthesis of fatty acids, triglycerides and biomarkers of oxidative stress, a decrease of fatty acids utilization and promotion of the infiltration of inflammatory leukocytes [10, 47] . Liver cells in normal conditions are characterized by very low replicative activity. Mitosis is observed only in approximately one out of 20,000 hepatocytes. The rest of parenchymal cells are in a G0 phase [48] . Similar situation could be observed in the pancreas. However, in response to specific environmental situations these organs have a remarkable ability to regenerate itself [14] . The image of low proliferation activity in the liver and the pancreas could be violated by e.g., partial hepatectomy, pancreatectomy or after toxical injury, virus infections, ischemia or hypoxia [10, 16, 29] . After that, hepatocytes and pancreatic cells and cooperating with them non-parenchymal cells take either proliferative efforts to organ regeneration or cancer development, necrosis or apoptosis [8] .
In our studies, in order to examine the proliferation (regeneration) activity of hepatic and pancreatic cells, immunohistochemical analysis for PCNA was performed. This method is commonly used as a measure of hepatocyte regeneration in liver injury models [2, 3, 14, 21] . PCNA is a 36-kDa molecular weight auxiliary protein of DNA polymerase d and is involved in a wide range of functions in the nucleus such as control of DNA replication, cell-cycle progression, transcription as well as DNA damage repair [28, 32] . The concentration of the PCNA protein in the nucleus increases in the final stage of G1 phase of the cell cycle and reaches maximum value in S phase. Total absence of this protein could be observed in G0 phase [43, 44] . It is worth to note that a substantial amount of PCNA is also present in the cytoplasm, although their function in this compartment is still not well elucidated. Speckled staining of PCNA in the cytoplasm and dense in the nucleus usually depicting cells just prior to going into mitosis, during late G2 phase [21] . In our studies, PCNA is present mainly in cellular nuclei of liver and pancreas cells. Only sparse cells of both organs had PCNA protein in cytoplasm. However, it is worth noticing that a considerably higher number of cells with nucleocytoplasmic location of PCNA antigen was found in the liver of addicted males exposed only to ethyl alcohol, in comparison to other studied subgroups and in comparison to non-addicted males and addicted females. An equally high level of PCNA protein synthesis in the cytoplasm was also observed in pancreatic cells of addicted male rats which were exposed to tobacco smoke and subsequently to ethanol. These data are statistically significant. We suggest that PCNA in cytoplasm is associated with glycolytic enzyme (a-enolase) and it could be involved in the regulation of last part of glycolysis pathway [36] . It is known that concentration of glycolytic enzymes increases in the cancer cells compared to normal cells [34] . Therefore, we hypothesize that liver cells derived from addicted males which were administrated a single intragastric dose of ethanol, and pancreas cells derived from addicted males exposed both to tobacco smoke and ethanol were in the most vulnerable to these harmful substances damage. It is worth remembering that almost 90% of ethanol is metabolized in the liver, and the pancreas is one of the organs where metabolic processes of tobacco smoke constituents take place. These facts may explain the highest number of cells with nucleocytoplasmic location of PCNA in the liver and the pancreas derived from ethanol addicted animals exposed to ethanol and ethanol plus tobacco smoke, respectively.
In the assessment of the influence of ethyl alcohol and tobacco smoke toxic compounds on cell proliferation of rat liver and pancreas, a diversified value of PCNA-labeling index, defined as the percentage of nuclei with positive PCNA staining in the total number of cells counted, was demonstrated.
Outcomes of numerous studies proved that the main ethanol metabolite -acetaldehyde -is a reactive compound, responsible for the majority of tissue and organ damages. Mainly the liver but also the pancreas is a targets of the toxic effects of acetaldehyde, because of their ability to metabolize alcohol [25, 52] . Previous studies showed that ethanol feeding can induce a proliferative state in the liver of rats after a relative short-term of treatment (1-2 months) [2, 4, 11] . This notion was supported by our observations that in hepatic and pancreatic cells of ethanol addicted males (after 9 weeks feeding of alcohol) statistically significant higher values of PCNA-LI were found, in comparison with non-addicted rats. Furthermore, our data demonstrated that the strongest expression of proliferation antigen was observed in cells of ethanol dependent animals which were administered a single dose of ethanol and then, after 5 h, sacrificed. The percentage of cells with the strongest expression in this group was approximately 24% for the liver and 22% for the pancreas. For the control group (nonaddicted males), the percentage of these cells was lower (statistically significant difference for liver and not significant for pancreas tissue). Our results proved that alcohol addiction promotes both liver and pancreas proliferation.
In contrast to the results described above, longterm ethanol rats' feeding (2, 6 and 10 months) inhibits both liver and pancreas proliferation and regeneration, assessed by Ki-67 and PCNA immunohistochemistry decreases [9, 37] . This could be due to increased DNA repair, as it is important to mention that PCNA expression may occur just due to proliferation and due to DNA repair [28] . A decrease of proliferation by ethanol intake has been well documented in liver regeneration after partial hepatectomy [29] . However, in some studies, ethanol exposure can induce proliferative state in the livers of rats [4, 11] . It is worth noticing that cessation of the ethanol treatment resulted in the recovery of the liver and the pancreas. Moreover, morphological regeneration was less pronounced and animals exposed to ethanol develop chronic calcifying pancreatitis [37] . Chronic ethanol intake additionally suppresses cell growth factors and cell cycle proteins, such as hepatocyte growth factor (HGF) and cyclin D1 [27, 29] .
Another important and interesting finding of this study is that the comparison between addicted males and addicted females reveals that PCNA-LI in females is significantly lower, both in hepatic and pancreatic tissues. These results are surprising for us, because it is generally known that women appear to be at higher risk of alcoholic disease. Men metabolize alcohol more efficiently than women due to higher activity of gastric alcohol dehydrogenase, higher body size, lower body fat, and higher liver mass per kilogram of body weight. There are several studies demonstrating that women develop liver disease after exposure to lower quantities of alcohol and over shorter time periods [6, 23] . Probably there was no gender difference when alcohol to be fed to animals was measured per kilogram of the liver. In our experiment females are characterized by lower percentage of PCNA positive cells. We can wonder why. One can assume that females are more sensitive to alcohol addiction and relatively large dose of ethanol used to female addiction caused a decrease in potential to regeneration of liver and pancreas.
However, it is not surprising for us that there was a high percentage of PCNA-positive hepatocytes and pancreatic cells in rats enrolled in subgroup C. These animals were exposed to tobacco smoke for 5 days and afterwards they were given a single intragastric dose of ethanol. A simultaneous effect of the two harmful factors should damage the organs to a greater extent. The obtained outcomes support this theory. Our data from immunohistochemical reactions are in agreement with some previous observations which suggest that alcohol and smoking have greater relative effect together than alone [40] . Additionally, moderate alcohol intake smokers produce markedly higher concentration of carcinogenic acetaldehyde in the oral cavity than non-smokers [26] . These results imply that chronic ethanol consumption with simultaneous cigarette smoking increases the rate of damages in cells, and thus increase regeneration potential of both the liver and the pancreas.
It is important to emphasize that hepatic and pancreatic cells of animals which were ethanol non-addicted and exposed only to tobacco smoke (subgroup A) are characterized by lower value of PCNA-LI, in comparison to other subgroups. So, exposure of rats only to tobacco smoke does not have significant influence on an increase of the regeneration potential. Additionally, it is worth to notice that in our experiments, tobacco smoke does not have influence on ethanol concentration in blood of non-addicted (male, female) and addicted (male, female) animals. We also proved, that chronic administration of alcohol did not influence on nicotine metabolism in all animals exposed to tobacco smoke.
Another pattern was usually observed in cells of organs collected 24 h after toxic substance administration, which had lower PCNA expression in comparison to cells obtained 5 h after exposure to studied xenobiotics. A three-fold (e.g., from 10.0 to 3.1%) and in some cases nearly seven-fold decrease of PCNA expression (e.g., from 14.2 to 2.2%) were observed. It can be assumed that these differences are associated with an increase in the activity of cells' regeneration mechanism within the first hours after exposure to toxic substances.
From the preliminary study one can conclude that ethanol alone and simultaneous influence of ethanol and tobacco smoke impair liver and pancreatic functions to a greater degree than tobacco abuse. In order to confirm this observation it is necessary to (1) extend the experimental groups, (2) apply additional cell proliferation markers and (3) confirm the presence and level of expression of other proteins related to tobacco smoke and ethanol metabolism. These are the conditions required for full understanding of the processes occurring in the liver and the pancreas under influence of tobacco smoke or/and ethanol.
